Introduction

50
Carbonyl sulfide (OCS) is the most abundant sulfur containing trace gas in the troposphere 51 with a life time on the order of years. OCS contributes to warming the troposphere and Further clues as to underlying processes can be gained through investigation of other gases. 151 For example, there is evidence that the sinks for CO and the source for nitric oxide (NO) are 152 related to each other: (1) ammonia oxidizing bacteria and methanotrophs can co-oxidize CO 153 via AMO/MMO in soils that should stoichiometrically link CO consumption to ammonia 154 oxidation (Jones et al., 1984) . (2) In aerobic soils NO is predominantly produced by nitrifiers 155 (e.g. Placella and Firestone, 2013) . In addition, some proteobacterial methanotrophs are 156 known to fix carbon via the CBB cycle (Rasigraf et al., 2014, and references therein A key goal of this work is to explore whether simultaneous measurements of e.g. CO and NO 165 and microbial activity can indicate the operation of pathways (e.g. CO 2 fixation via different 166 enzymes), that in turn can provide insight into pathways of P OCS and U OCS in a way that 167 allows prediction of net OCS fluxes across a range of soils and moisture contents. Ultimately 168 the ability to understand the role of soils in net ecosystem exchange of OCS is relevant to 169 enable the estimation of canopy fluxes of OCS and their interpretation as a proxy for gross 170 primary production, GPP (Campbell et al., 2017; Campbell et al., 2008; Blonquist et al., 2011; 171 Berry et al., 2013) .
172
In this study, we investigated whether CO and NO exchange rates measured over a range of In total 9 samples of topsoil (integrating a depth between 0-5 cm) were used, representing 189 different soil types and land uses. To make a representative sample for each site, 9 individual 190 samples were taken on a grid from within a 10 x 10 m area and homogenized. Samples were 191 sieved to < 2 mm, hand-picked to remove roots, and stored at 4°C (for up to 6 months) prior 192 to incubations. The field moist soil used for the incubations was analyzed for total sulfur ( ) 193 and thiocyanate (SCN -) to link OCS production to substrate availability at the start of the 
232
For the comparison of results of soils that differ in texture, the gravimetric soil moisture was 233 converted into percent of water filled pore space, WFPS lab as
where θ sat is the gravimetric soil moisture at field capacity, which was estimated by re-wetting 235 the soil until the surface of particles were covered by a tiny film of water (see Bourtsoukidis 236 et al., submitted). M soil (t i ) equals the dry mass of soil plus water at any given time point t i and 237 m soil (t s ) equals the dry mass of soil plus the residual mass of water at the end of the 238 experiment.
239
As the inlet air always had ambient O 2 concentrations, the potential for anoxia in the wettest 240 soils may have been reduced compared to what might be experienced in a field setting in soil.
241
However, as the soils sat for a period before air flow was initiated, the first results may reflect 
where Q is the flow rate through the chamber (2.5 L min -1 ), c out and c ref are the concentrations 277 of each trace gas at the outlet of the soil chamber and soil free chamber (ng m -3 ), respectively.
278
The fluxes were calculated for each 15 minute interval the air exiting the soil was analyzed, 279 over the entire time period during which the soil dried out. While the OCS mixing ratios 280 measured were all above the limit of detection, the difference between OCS mixing ratio of 281 incoming and outgoing air, especially under moderate to low soil moisture, was generally 282 only a few parts per trillion. Therefore, it seems reasonable to set a threshold of detection (i.e.
283
the minimum detectable rate of production or consumption based on the noise of the 284 instrument). Similar to the definition of a limit of detection, we used 3 times the deviation of 285 OCS mixing ratios measured from one soil chamber to define this threshold and converted it 286 into a OCS exchange rate of about ± 1.09 pmol g -1 h -1 . OCS in between (Fig. 1b ). The two sandy desert soils, D1 and D2, produced up to 3.3 to 9.56 375 pmol g -1 h -1 at high soil moisture, with fluxes declining as the soil dried out (Fig. 1c ).
376
We measured thiocyanate in soil extracts at start of the dry-out experiments where high P OCS 377 was observed, because a pathway of thiocyanate hydrolase has been proposed for OCS 378 production (P OCS ). Thiocyanate concentrations for the desert soils was very low, below 379 detection for D1 (< 0.5 mg kg -1 , Environment Agency, 2011; grey point in Figure 2 395 Overall, the sequencing approach did not result in significant differences in 16S rRNA 396 transcript relative abundance for bacterial classes for the A1 soil fumigated at 50 versus 1000 397 ppt OCS at moderate soil moisture (Fig. 3a) . In contrast, for ITS transcripts the relative 398 abundance of Ascomycota (p-value = 0.006) and Basidiomycota (p-value = 0.034) indicated 399 these were significantly more active under 1000 ppt OCS compared to 50 ppt OCS, indicating 400 their importance for OCS exchange (Fig. 3b ). Within the phylum of Ascomycota the largest For the mid-latitude cornfield soil (A1) at 50 ppt OCS fumigation OCS exchange rates 410 reached up to 2 pmol g -1 h -1 at 50 % WFPS lab and at 5 % WFPS lab (green squares, Fig. 4a ).
411
Even if the soil was fumigated with 1000 ppt OCS, net OCS production at 7 and > 60 % indicating that CO consumption relative to production increased (see Fig. 4b ). RNA relative abundance of overall fungi in A1 soil) and Cystobasidomycetes showed an 501 increased activity, respectively (see Fig. 3 , 2016; Protoschill-Krebs and Kesselmeier, 1992; Protoschill-Krebs et al., 1995 , 1996 521 Blezinger et al., 2000; Notni et al., 2007) . Hence, the pattern in activity of different fungal 522 genera under moderate soil moisture might be caused by differences in tolerance/inhibition or 523 even utilization of H 2 S. submitted) and are in good agreement with a field study at Hytiälä, Finland (Sun et al., 2017) .
528
Since in our incubations CO was scrubbed, we decided to reanalyse the field dataset from Sun 529 and co-workers (2017, doi:10.5281/zenodo.322936) in a similar way to express averaged 530 OCS:CO ratio over WFPS field moisture classes. The OCS:CO ratio shows a clear optimum 531 function under moderate and high soil moisture (grey optimum function, Fig. 6 submitted), even confirmed to be correlated to abundance of fungi (Sauze et al., 2017) and is 540 corresponding to our second maximum in OCS:CO ratio (see Fig. 6 ).
541
To the best of our knowledge we could not find any process involving only CA that would 542 result in this distinct pattern by simultaneously affecting the uptake of OCS and CO.
543
However, for alternative enzymes, e.g. RubisCO and PepCO, that have been shown to be at WFPS (see Fig. 6 ), respectively. This differentiation of 2 OCS consumption processes based 552 on CO and OCS metabolism is supported by different patterns of OCS consumption rate 553 coefficients k OCS reported from Bunk et al., (submitted) and by a simultaneous increase in 554 OCS uptake rates and bacterial and fungal abundance in alkaline soils (Sauze et al., 2017) .
555
All of our incubations were performed aerobically and CH 4 was scrubbed from the inlet air.
556
Therefore, our analysis focused only on a selected subset of microbial groups that might be 557 involved in the OCS exchange. We excluded methanogenic archaea and acetogens (where 558 only a low number of sequences was obtained 
Fig. 2
Correlation between OCS exchange rate, OCS max,HM and thiocyanate (SCN -) at high soil moisture for samples F1, F2, A3, A4, A5 (green). The maximum OCS exchange rate and thiocyanate concentration for A2 (green circle) are considered as an outlier, possibly due to release of thiocyanate from fine roots during the sieving procedure. Thiocyanate was below limit of detection (LOD of 0.5 mg kg -1 ) for D1 soil (grey).
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